Data from the Atacama Cosmology Telescope (ACT) and the South Pole Telescope (SPT), combined with the nine-year data release from the WMAP satellite, provide very precise measurements of the cosmic microwave background (CMB) angular anisotropies down to very small angular scales. Augmented with measurements from Baryonic Acoustic Oscillations surveys and determinations of the Hubble constant, we investigate whether there are indications for new physics beyond a Harrison-Zel'dovich model for primordial perturbations and the standard number of relativistic degrees of freedom at primordial recombination. All combinations of datasets point to physics beyond the minimal Harrison-Zel'dovich model in the form of either a scalar spectral index different from unity or additional relativistic degrees of freedom at recombination (e.g., additional light neutrinos). Beyond that, the extended datasets including either ACT or SPT provide very different indications: while the extended-ACT (eACT) dataset is perfectly consistent with the predictions of standard slow-roll inflation, the extended-SPT (eSPT) dataset prefers a non-power-law scalar spectral index with a very large variation with scale of the spectral index. Both eACT and eSPT favor additional light degrees of freedom. eACT is consistent with zero neutrino masses, while eSPT favors nonzero neutrino masses at more than 95% confidence.
I. INTRODUCTION
A wide variety of observations of Cosmic Microwave Background (CMB) and Large Scale Structure (LSS) power spectra over the last decade have indicated that cosmic structures originated from seed fluctuations in the very early universe. The leading theory explaining the origin of the cosmological seed perturbations is cosmic inflation [1] , a period of accelerated expansion at very early times. During the inflationary stage, microscopic quantum fluctuations were stretched to macroscopic scales to provide both the initial seeds for the primordial density perturbations and tensor (gravitational-wave) fluctuations [2] [3] [4] [5] [6] . Despite the simplicity of the inflationary paradigm, the exact mechanism by which cosmological perturbations are generated is not yet established.
In the standard slow-roll inflationary scenario associated with the dynamics of a single scalar field (the inflaton), density perturbations are due to fluctuations of the inflaton itself as it slowly rolls down along its potential. In the simplest case, fluctuations are of the adi-abatic type, namely they are sourced by the degree of freedom that is dominating the energy density during inflation (the inflaton). In other mechanisms for the generation of perturbations, e.g., the curvaton mechanism [7] , the final adiabatic perturbations are produced from an initial isocurvature mode associated with quantum fluctuations of a light scalar degree of freedom (other than the inflaton), whose energy density is negligible during inflation. The isocurvature perturbations are then transformed into adiabatic perturbations when the the extra scalar degree of freedom (the curvaton) decays into radiation after the end of inflation. A precise measurement of the spectral index, n S , of the scalar perturbations together with a detection of gravity-wave signals in CMB anisotropies through its B-mode polarization will provide a strong hint in favor of single-field models of inflation. Indeed, alternative mechanisms predict an amplitude of gravity waves far too small to be detectable by experiments aimed at observing the B-mode of the CMB polarization.
While inflation is the leading candidate model for the generation of primordial perturbations, in the words of Ref. [8] : "Inflation is at the same time a spectacular phenomenological success, and an enduring theoretical challenge." The phenomenological success is that inflation is a simple model for the generation of seed perturbations. The theoretical challenge is to understand how inflation is embedded in a broader theory or model of fundamental physics. Detailed examination of the CMB perturbations are a possible way to discriminate among inflation models [9] , perhaps even leading to a reconstruction of the inflaton potential [10] .
Another application of CMB data is to search for evidence of "new" physics, like additional relativistic degrees of freedom at recombination [11] , neutrino masses [12] , early dark energy [13] , modified gravity [14] , or variation of fundamental constants like the fine-structure constant [15] or the gravitational constant [16] .
The goal of this paper is to examine whether existing cosmological datasets can provide evidence for the dynamics of the inflaton field during inflation or evidence for new "neutrino" physics. Evidence for the dynamics of the inflaton field during inflation would be a departure from the Harrison-Zel'dovich (HZ) model (a scalar spectral index of unity and no tensor perturbations).
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The departure from the HZ model could take the form of a scalar spectral index different than unity, a "running" (a scale-dependence) of the scalar spectral index, or evidence for tensor modes.
The type of new "neutrino" physics we model would be a mass for neutrinos or additional relativistic degrees of freedom contributing to the expansion rate around the time of recombination.
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Our analysis will include CMB data from the nineyear data release of the Wilkinson Microwave Anisotropy Probe (WMAP9) [19] , the South Pole Telescope (SPT) [20] , and the Atacama Cosmology Telescope (ACT) [21] , including measurements up to a maximum multipole number of l max 3000. We will also include information from measurements of baryonic acoustic oscillations (BAO) from galaxy surveys in the form of three datasets: data release 7 (SDSS-DR7) [22] and data release 9 (SDSS-DR9) [23] from the Sloan Digital Sky Survey, and the WiggleZ project [24] . We will also use data on the Hubble constant [25] .
This study has two motivations. On one hand, the Planck collaboration [26] will release soon their first flow of data regarding the CMB anisotropies, and therefore it is timely to have a state-of-the-art pre-Planck assessment of slow-roll inflation. On the other hand, we wish to answer three basic questions:
1. Is the simple Harrison-Zel'dovich model compatible with current cosmological datasets, or is there support for a more complicated perturbation spectrum?
2. Is standard neutrino physics consistent with current cosmological datasets, or is there support for new neutrino physics in the form of a neutrino mass in excess of a few tenths of an electron volt or a change in the effective number of light neutrinos?
3. In the event that there is support for physics beyond the HZ spectrum and standard neutrinos, can one tell whether the data provides information about the primordial perturbation spectrum or the neutrino sector?
As we will see, all combinations of current datasets point to physics beyond the minimal HZ model with standard neutrino physics. In particular, allowing for either a scalar spectral index different from unity or an additional number of relativistic degrees of freedom, produces a significant increase in the goodness of fit with respect to the minimal HZ model. Information beyond that depends on the dataset used.
For a dataset with ACT (and not SPT), there is no significant increase in the goodness of fit by increasing the complexity of the perturbation spectra by allowing for running of the scalar perturbations and/or a tensor component. Concerning neutrino physics, there is no significant further increase in the goodness of fit by allowing for a nonzero neutrino mass. For the dataset with ACT, we can only say that a model with a scalar spectral index different than unity is a much better fit than the HZ model, and a model with a non-standard number of neutrinos is also a much better fit. In the sections below we will quantify these statements.
The situation is much different if we examine a dataset with SPT (and not ACT). 3 There are a significant increases in goodness of fit allowing either a running of the scalar spectral index (and not much increase in goodness of fit just by allowing a tensor component) on top of the HZ+n s model, or a nonzero neutrino mass to the HZ model. Again, in the sections below we will quantify these statements.
Therefore, we conclude that a cosmological dataset including SPT suggests either a more complex perturbation spectrum than simply a scalar spectral index different than unity, or some other new physics such as a modification of the number of relativistic degrees of freedom. The data do not prefer one approach over the other.
The papers is organized as follows: In the next section we review the pertinent features of slow-roll inflation. In Sec. III we review how neutrinos (or other light species) affect the CMB anisotropies. In Sec. IV we discuss our data analysis method and the datasets examined. Section V presents our results for cosmological parameters and the maximum likelihood for various models. In Sec.
VI we discuss implications for physics beyond the HZ model for neutrino physics and for inflation. Section VII contains our conclusions.
II. SLOW-ROLL INFLATION AND CMB ANISOTROPIES
As mentioned in the introduction, we will work under the hypothesis that the adiabatic perturbations originated within the single-field, slow-roll framework of inflation. It should be kept in mind that if future experiments do not detect isocurvature modes or large nonGaussianity it will not be possible to distinguish directly the inflaton contribution from the, e.g., curvaton contribution, see Ref. [28] . On the other hand, a detection of a significant amount of tensor modes through CMB anisotropies will disfavor curvaton-like models as they tend to generate a negligible tensor contribution.
Within the single-field slow-roll paradigm, many specific models for inflation have been proposed. We limit ourselves here to models with "normal" gravity (i.e., general relativity) and a single order parameter for the vacuum, described by a canonical scalar field φ, the inflaton, with Lagrangian
The equations of motion for the spacetime are given by the Friedmann Equations, which for a homogeneous field φ are
The equation of motion for the field φ is
We have assumed a flat Friedmann-Robertson-Walker metric
, where a(t) is the scale factor of the universe. Inflation is defined to be a period of accelerated expansion,ä > 0. If the field evolution is monotonic in time, we can write the scale factor a (φ) and Hubble parameter H (φ) as functions of the field φ rather than time, i.e., we define all of our physical parameters along the trajectory in phase spaceφ (φ) corresponding to the classical solution to the equations of motion. Equations (2) and (3) can then be re-written exactly in the Hamilton-Jacobi forṁ
These are completely equivalent to the second-order equation of motion. The second of the above equations is referred to as the Hamilton-Jacobi equation, and can be written in the useful form
where is defined to be
The physical meaning of (φ) can be seen by expressing a in Eq. (2) as
so that the condition for inflation, (ä/a) > 0, is equivalent to < 1. The scale factor is given by
where the number of e-folds N is
. (9) Most simple inflation models satisfy the slow-roll approximation, which is the assumption that the evolution of the field is dominated by the drag from the cosmological expansion, so thatφ 0 andφ −V /3H. The equation of state of the scalar field is dominated by the potential, so that p −ρ, and the expansion rate is approximately H 2 8πV (φ)/3m 2 Pl . The slow roll approximation is consistent if both the slope and curvature of the potential are small, V , V V (in units of the Planck mass m Pl ). In this case the parameter can be expressed in terms of the potential as
We will also define a second "slow-roll parameter" η by
Slow roll is then a consistent approximation for , η 1. Perturbations created during inflation are of two types: scalar (or curvature) perturbations, which couple to the stress-energy of matter in the universe and form the "seeds" for structure formation, and tensor, or gravitational-wave perturbations, which do not couple to matter. Both scalar and tensor perturbations contribute to CMB anisotropies. Scalar fluctuations can also be interpreted as fluctuations in the density of the matter in the universe. Scalar fluctuations can be quantitatively characterized by the comoving curvature perturbation P R . As long as slow roll is attained, the curvature (scalar) perturbation at horizon crossing can be shown to be [ 
The fluctuation power spectrum is, in general, a function of wavenumber k, and is evaluated when a given mode crosses outside the horizon during inflation, k = aH.
Outside the horizon, modes do not evolve, so the amplitude of the mode when it crosses back inside the horizon during a later radiation-or matter-dominated epoch is just its value when it left the horizon during inflation. Instead of specifying the fluctuation amplitude directly as a function of k, it is convenient to specify it as a function of the number of e-folds N before the end of inflation at which a mode crossed outside the horizon. The scalar spectral index n S for P R is defined by
so that a scale-invariant spectrum, in which modes have constant amplitude at horizon crossing, is characterized by n S = 1.
To lowest order in slow roll, the power spectrum of tensor fluctuation modes and the corresponding tensor spectral index is given by [ 
The ratio of tensor-to-scalar modes is then P T /P R = 16 , so that tensor modes are negligible for 1. In the limit of slow roll, the spectral indices n S and n T vary slowly or not at all with scale. We can write the spectral indices n S and n T to lowest order in terms of the slow-roll parameters and η as
The tensor/scalar ratio is frequently expressed as a quantity r, which is conventionally normalized as
The tensor spectral index is not an independent parameter, but is proportional to the tensor/scalar ratio, given to lowest order in slow roll by n T −2 = −r/8. A given inflation model can therefore be described to lowest order in slow roll by three independent parameters: P R , P T , and n S .
Deviations from a simple power-law spectrum of perturbations are higher order in the slow-roll parameters, and thus serve as a test of the consistency of the slow-roll approximation. Scale dependence in the observables corresponds to scale dependence in the associated slow-roll parameter, and can be quantified in terms of the infinite hierarchy of inflationary flow equations [29] ,
The higher-order flow parameters are defined by
. . .
where the prime denotes derivatives with respect to scalar field φ. It is then straightforward to calculate the scale-dependence of the spectral index by relating the wavenumber k to the number of e-folds N ,
Since the running depends on higher-order flow parameters than the spectral index itself, it is an independent parameter, even in slow-roll inflation models. In typical single-field inflation models, the running of the spectral index is negligible, so a detection of scale dependence in the spectral index would rule out a large class of viable single-field inflation models, and would therefore be a powerful probe of inflationary physics.
III. NEUTRINOS AND CMB ANISOTROPIES
In what follows we we examine the possibility of new neutrino physics as an alternative to extending the complexity of primordial perturbations.
One direction for new neutrino physics is a change in the effective number of relativistic degrees of freedom, N eff , that defines the physical energy density in relativistic particles ρ rad , defined by
where ρ γ is the energy density of the CMB photons and N eff is the effective number of light neutrino species. In the standard scenario, assuming three active massless neutrino species with standard electroweak interactions and the present CMB temperature of T γ = 2.726K (see, e.g., Ref. [30] ), the expected value is N eff = 3.046. This is slightly larger than 3 because of non-instantaneous neutrino decoupling (see, e.g., Ref. [31] ). As mentioned previously, any new species that is relativistic around recombination will contribute to N eff , whether it is a neutrino species or not. The exact contribution of a new relativistic species will depend on the number of spin degrees of freedom, whether the new species is a boson or fermion, and the temperature of decoupling of the new species.
We also consider the possibility of a mass for one or more of the three known active neutrino species. The present contribution to the overall energy density is given by
where m i are the masses of the three neutrino mass eigenstates.
A change in neutrino physics can have important implications for interpretation of inflationary parameters from CMB anisotropies, see Refs. [32] [33] [34] . For example, varying N eff can have an impact on determination of n S and its running, since it changes both the position of the CMB peaks in the angular spectrum and the structure of the "damping tail" at very large multipoles (see Ref. [11] ). In general, a higher N eff can put higher values of n S in better agreement with the data, i.e., there is a positive correlation between the two parameters.
Masses for neutrinos also have important implications for interpretation of inflationary parameters from CMB anisotropies. Massive neutrinos damp the dark-matter fluctuations on scales below the horizon when they become nonrelativistic (see e.g., [35] ). Neutrinos with masses m ν < ∼ 0.3 eV are relativistic at recombination and affect the CMB anisotropy mainly through gravitational lensing, while neutrinos with larger masses slightly increase the CMB small-scale anisotropy by damping the gravitational potential at recombination. The final result is a small anti-correlation with n S , i.e., larger neutrino masses shift the constraints on n S to smaller values.
IV. DATA ANALYSIS METHOD
The analysis method we adopt is based on the publicly available Monte Carlo Markov Chain (MCMC) package cosmomc [36] with a convergence diagnostic done through the Gelman and Rubin statistic.
We sample the following four-dimensional standard set of cosmological parameters, adopting flat priors on them: the baryon and cold dark matter densities Ω b and Ω c , the angular size of the sound horizon at decoupling θ, and the optical depth to reionization τ .
As discussed in a separate section, we will also vary the relativistic number of degrees of freedom parameter N eff and the total neutrino mass Σm ν . The standard three-neutrino framework predicts N eff = 3.046, while oscillation neutrino experiments place a lower bound Σm ν > 0.05 eV [37] .
For the inflationary parameters we consider the scalar spectral index n S and its running n run , the overall normalization of the spectrum A S at k = 0.002 Mpc −1 and the amplitude of the tensor modes relative to the scalar, r = A T /A S , again at k = 0.002 Mpc −1 . We consider purely adiabatic initial conditions and we impose spatial flatness.
We analyze the following set of CMB data: WMAP9 [19] , SPT [20] , and ACT [21] , including measurements up to a maximum multipole number of l max 3000. For all these experiments we make use of the publicly available codes and data. For the ACT experiment we use the "lite" version of the likelihood [38] .
We also consider the effect of including additional datasets to the basic datasets just described. Consistently with the measurements of HST [25] , we consider a Gaussian prior on the Hubble constant H 0 = 73.8 ± 2.4 km s −1 Mpc −1 . We also include information from measurements of baryonic acoustic oscillations (BAO) from galaxy surveys. Here, we follow the approach presented in Ref. [19] combining three datasets: SDSS-DR7 [22] , SDSS-DR9 [23] and WiggleZ [24] .
Since, as we see in the next section, the ACT and the SPT datasets are providing significantly different conclusions on inflationary parameters, we will include them separately. In what follows we will consider two combinations of datasets. We refer to an analysis using the WMAP9 + ACT + HST + BAO datasets as the "extended ACT" (eACT) dataset and to an analysis with the WMAP9 + SPT + HST + BAO datasets as the "extended SPT" (eSPT) dataset.
We use the Markov chains obtained from CosmoMC to reconstruct the posterior distributions of each of the model parameters. In the tables, we present our results in the form of the 68% credible interval for each parameter, i.e., the interval symmetric around the mean containing 68% of the total posterior probability. We make an exception to this rule in those cases where the posterior probability is not vanishingly small at the edge of the prior range; this happens in particular around r = 0 and m ν = 0. In this case we adopt the following rule: if the maximum of the posterior distribution is clearly distinguished from zero, we quote the 68% interval as above; otherwise, we quote a 95% upper limit.
We also use our Markov chains to recover the maximum likelihood (i.e., minimum χ 2 ) parameter values. We use the minimum χ 2 values estimated from the chains to perform an approximate model comparison by computing the likelihood ratio (actually, equivalently, the difference in χ 2 ) between models. As a rule of thumb, given two models M 1 and M 2 , where the latter reduces to the former for a particular choice of parameter values (in which case the two models are said to be "nested"), we say that the data show preference for M 2 over M 1 when the absolute value of ∆χ
is larger than the number of additional parameters in the extended model.
We note however that MCMC methods are usually optimized to sample the full posterior distribution around the region of maximum probablity, and not to recover the exact value and position of the maximum likelihood. The precision to be associated with our estimate of the minimum χ 2 can be evaluated by computing the probability of finding in the chains a sample having a χ 2 within δ(χ 2 ) from the actual minimum (see e.g. [39] ). This probability depends on the dimensionality of the parameter space and on the number of independent samples in the chains. We let our chains run until we can claim a 95% probability of having found the best-fit model with an uncertainty δ(χ 2 ) ≤ 1.
V. EXTENSIONS OF THE HZ MODEL AND EACT AND ESPT
As a first step in our analysis we evaluate the compatibility of current cosmological datasets eSPT and eACT with a simple reference model, which we choose to be the Harrison-Zel'dovich (HZ) model with n S = 1, r = 0, n run = 0, m ν = 0, and N eff = 3.046. We then consider extensions of this model involving more complex perturbation spectra, with various combinations of n S = 1, r > 0, and n run = 0. Then we examine extensions of the HZ model with nonstandard neutrino physics with combinations of m ν = 0 and/or N eff = 3.046.
A. Extensions of the perturbation sector
The results of our analysis with regard to perturbation spectra is reported in Table I . As stated in the previous section, we analyze the eACT and eSPT datasets and we consider different cases for primordial perturbations and compare them with the reference HZ model. In all models analyzed in this section we assume massless neutrinos and N eff = 3.046.
As we can see from the table, both for the eACT and eSPT datasets, models with n S = 1 are highly favored over the HZ reference model.
For the eSPT dataset, allowing one additional parameter, n S , to vary results in change in χ 2 of ∆χ 2 ≡ (−2 log L)−(−2 log L HZ ) = −28.7. The one-dimensional probability distribution for n S with the eSPT dataset is shown in Fig. 1 . For the eACT dataset, allowing one additional parameter, n S , to vary results in ∆χ 2 ≡ (−2 log L) − (−2 log L HZ ) = −9.7. The one-dimensional probability distribution for n S with the eACT dataset is also shown in Fig. 1 .
If we allow other parameters describing the perturbation spectra to vary, such as n run and r, there are different indications from the different datasets. Let us first consider the eSPT dataset.
The natural parameter space for constraining simple slow-roll inflation models is to include the the tensor/scalar ratio r in addition to spectral tilt n S . Twodimensional contours for n S vs. r are shown in Fig. 2 , along with the predictions of three simple slow-roll models. For the eSPT dataset, allowing r to vary in addition to allowing n S to vary results in a very marginal decrease in χ 2 of −0.9 compared to a model just allowing n S to vary. Hence, the data do not seem to call for the additional variable r. However, the situation is quite different if we allow a running of the scalar spectral index, n run = 0, either keeping r = 0 or allowing r to vary. Adding one additional parameter, n run , results in ∆χ 2 = −36.6 compared to the reference HZ model, which corresponds to a change in χ 2 of −7.9 compared to the HZ +n S model. If we allow both r and n run to vary (in addition to allowing n S to vary) there is a gain of ∆χ 2 = −37.5 compared to the reference HZ model, or a change in χ 2 of −8.8 compared to the HZ +n S model. The eSPT dataset strongly prefers a running of the scalar spectral index. The one-dimensional probability distributions for n S , r and n run with the eSPT dataset are shown in Fig. 1 . Two-dimensional contours of r vs. n S , n run vs. n S and n run vs. r are also shown in Fig. 1 .
The eACT dataset also prefers a scalar spectral index different from unity. Recall that adding one additional parameter n S results in a decrease in χ 2 compared to the reference HZ model of ∆χ 2 = −9.7. If we then allow one additional parameter, either r or n run , there is only a very marginal change in χ 2 beyond the HZ + n S model. Even allowing both additional parameters n run and r again results in a very marginal decrease in χ 2 at the expense of two additional parameters. The one-dimensional probability distributions for n S , r and n run with the eACT dataset are also shown in Fig. 1 , and the two-dimensional contours of r vs. n S , n run vs. n S and n run vs. r are also shown in Fig. 1 .
We summarize our findings with respect to n s and n run in Fig. 3 , where we compare the constraints on these parameters for the different model/dataset combinations considered in the paper. It is clear from this figure that the tension between the two datasets increases when the model complexity is also increased. Moreover, as discussed above in the context of the goodness-of-fit of the various models, we also notice that the results of parameter estimation from eACT are more stable, with respect to eSPT, to the increase of the complexity of the model.
Our conclusion is that the eSPT and eACT datasets are not consistent, as long as inflation-motivated extensions to the minimal model are concerned. While both call for a scalar spectral index different than unity, the eSPT dataset seems to be better described by a more complicated perturbation spectrum than just a scalar spectrum of constant spectral index. On the other hand, the eACT dataset seems to be well described by a constant scalar spectral index (slightly less than unity), and [19] , it should be taken into account that we use a pixel based likelihood at low ls instead than the Gibbs-based likelihood.
does not seem to require additional complexity.
B. Extensions of the neutrino sector
We now repeat the analysis presented in previous subsection but now considering the possibility of an extra effective neutrino number and including neutrino masses.
The constraints from the eSPT and eACT dataset are in Table II . For both datasets, adding the additional parameter N eff greatly improves the fit. In fact, allowing N eff improves the fits of both eSPT and eACT by about as much as allowing the spectral index to vary from unity.
However, allowing the neutrino mass to vary, we again again obtain different indications from the two datasets. For the SPT dataset, adding a neutrino mass improves the χ 2 by −8.1 if N eff is kept fixed and by −8.8 if it is allowed to vary. For the ACT dataset, on the contrary, the goodness of fit improves only marginally (at the price of one additional parameter) by allowing a non-zero neutrino mass, independently of whether N eff is fixed or not.
In Fig. 5 we compare the constraints on N eff and m ν for the different model/dataset combinations considered in the paper. Again we see the same trend observed in the case of the spectrum parameters, namely that the values estimated from the two datasets tend to diverge as new parameters are added, and that the values estimated from eACT are more stable than those estimated from eSPT when the complexity of the model is increased.
VI. DIRECTIONS FOR NEW PHYSICS
Using the two data combinations described here, models with either primordial perturbations beyond the HZ model or additional light degrees of freedom provide a much better fit than the HZ model. Thus, cosmological data point to some interesting new physics. Unfortunately, the direction is unclear.
Probably the most dramatic explanation would be additional light degrees of freedom: It would be very surprising if there is a new light species beyond the standard model of particle physics (as we have emphasized, it need not be extra neutrino species, although we parameterize them as such).
For the eACT dataset, just adding a tilt to the scalar spectrum seems to be all that is demanded of the data. This would tell us something about inflation, but there are a large number of inflation models that can give a slightly red spectrum.
For the eSPT dataset however, the data seems to demand more than simply a tilt to the scalar spectrum. A much improved fit can be obtained by allowing the possibility of a large running of the scalar spectrum. The running could be so large as to have a large impact in inflation model building and call in doubt the simple slow-roll approximation. Alternatively, as data seem to indicate a non-power-law scalar spectral index with a very large variation of the spectral index, one might invoke models where the flattening of the inflaton potential is obtained through the inclusion of large quantum corrections in the mass parameter [40] which result in large variation of the spectral index with the scale. Another class of models which allow for a large negative running are models in which inflation occurs near an inflection point of the potential, where the third derivative V of the potential is substantial, and the higher-order slow roll parameter 2 λ is comparable to the lower-order parameters and η. Inflection point inflation models have been argued, e.g. in Ref. [41] , to be characteristic of inflation on the string landscape.
VII. CONCLUSIONS
We analyzed the recently released Atacama Cosmology Telescope (ACT) and South Pole Telescope (SPT) data in combination with the Wilkinson Microwave Anisotropy Probe 9-year data (WMAP9), the Sloan Digital Sky Survey Data Release 9, the WiggleZ large-scale structure data, and the Hubble Space Telescope determination of the Hubble parameter (HST). We tested these data against two cosmological scenarios: (1) a scale-invariant, purely scalar "Harrison-Zel'dovich" (HZ) power spectrum with the addition of parameters motivated by inflationary cosmology, tilt n S , nonzero tensor/scalar ratio r, and running of the spectral index n S , and (2) the HZ power spectrum with a nonstandard effective neutrino number N ef f and/or neutrino mass m ν . We find that both the extended ACT data (eACT) and the extended SPT data (eSPT) favor extensions to the simple HZ model to at least 95% confidence.
In the case of the inflation-motivated extensions to HZ, both eACT and eSPT favor a deviation from a scaleinvariant power spectrum with "red" tilt, n S < 1, and neither show any evidence for a nonzero tensor/scalar ratio. The eACT data are consistent with negligible running of the spectral index, as predicted by simple slow-roll inflation models. The eACT data are consis- [19] , it should be taken into account that we use a pixel based likelihood at low ls instead than the gibbs-based likelihood.
d ∆χ 2 ≡ (−2 log L) − (−2 log L HZ ) e 95% c.l. tent at the 95% confidence level with simple chaotic inflation V (φ) = m 2 φ 2 , and with power-law inflation, V (φ) ∝ exp (φ/µ), as well as "small-field" models predicting negligible tensors and n S < 1. The eSPT data, however, are inconsistent with a purely power-law power spectrum, favoring negative running of the spectral index n run = −0.029 ± 0.011 in the case with a prior of r = 0, and n run = −0.051 ± 0.015 in the case where r = 0 is allowed. While the eSPT data are not in disagreement with the most general possible single-field inflation models, they are in significant conflict with slow-roll models predicting n run n S . The eACT data are consistent with such models.
In the case of extensions to HZ involving additional light degrees of freedom, eACT and eSPT again produce qualitatively different constraints. Both the eACT and eSPT data favor additional light degrees of freedom, with N ef f = 3.88 ± 0.28 for eACT, and N ef f = 4.26 ± 0.26 for eSPT (with a prior of m ν = 0). The eACT and eSPT data differ, however, with respect to nonzero neutrino masses. The eACT data are consistent at 95% with zero neutrino mass, with m ν = 0.24 ± 0.15 eV (with a prior of N ef f ≡ 3.04), and m ν < 0.46 eV (with N ef f = 3.04). The eSPT data favor nonzero neutrino mass, with m ν = 0.39 ± 0.14 eV (with a prior of N ef f ≡ 3.04), and m ν = 0.96 ± 0.53 eV (with N ef f = 3.04).
In either scenario, HZ + inflation or HZ + neutrinos, considering the ACT and SPT data separately results in qualitatively different conclusions about extensions to a standard scale-invariant Λ+Cold Dark Matter concor- dance cosmology, a tension which is not evident when considering combined constraints from ACT and SPT.
